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(54) Method and device for regulating the attitude of a motor vehicle. 



(57) A method for regulating the attitude of a motor 
vehicle by measuring the characteristic angles of the 
wheels, comprising the following operations: obtaining 
at least one pair of images of each moving wheel while 
the vehicle is being positioned on the measuring site; 
calculating for each image the ellipse resulting from the 
interpolation of a discrete number of points lying on the 



image; establishing a correspondence between the 
points identified in each pair of images, to uniquely 
determine the edge of the wheel rim and its spatial posi- 
tion; calculating the value of the characteristic attitude 
angles relative to the spatial position of the wheel rim. 
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Description 

[0001] This patent relates to a method for measuring the characteristic angles of the attitude of a vehicle for the pur- 
pose of its regulation, and the device for implementing the method. 
5 [0002] Periodically checking the attitude setting of a vehicle is important in ensuring the best road holding and best 
driving comfort. 

[0003] Road holding is directly proportional to the vehicle road adherence which is itself a function mainly of two fac- 
tors, namely the area of contact of the tyres with the ground, and the wheel drift, these both depending on the geometry 
of the vehicle frame and of the suspensions. 

10 [0004] The geometry of a vehicle frame provided with wheels and suspensions defines the characteristic wheel 
angles, ie the angles between each wheel and the others, between each wheel and the longitudinal and transverse 
frame axes, between each wheel and the vehicle running axis and between each wheel and the vertical to the ground, 
and the steering angles. The correct values of these angles are dictated by the vehicle manufacturer. 
[0005] These angles must therefore be able to be measured in order to set them to the appropriate values. 

is [0006] The characteristic angles are: 

left, right and total front convergence 

left, right and total rear convergence 

right and left front camber 
20 - right and left rear camber 

right and left incidence 

right and left kingpin 

front and rear set-back 

thrust angle 
25 - track difference 

[0007] The text will be better understood from the following definitions of the characteristic angles: 

the convergence is the angle formed between the plane perpendicular to the axis of each wheel and the longitudi- 
30 nal axis of symmetry of the vehicle; 

the total convergence is the sum of the angles of convergence of the wheels pertaining to one and the same axle; 

the track angle is the angle formed between the plane perpendicular to the axis of each wheel and the vertical 
35 plane; 

the angle of incidence is the angle between the projection of the steering axis onto the vehicle longitudinal plane 
and the vertical; 

40 - the kingpin angle is the angle formed between the projection of the steering axis onto the vehicle transverse plane 
and the vertical; 

the set-back is the misalignment of the wheels of one and the same axle to the vehicle axis of symmetry; 

45 - the thrust axis is the axis defined by the bisector of the total rear convergence angle; 

the track difference is the angle between the line joining the wheels positioned on one and the same side, but per- 
taining to two different axles, and the vehicle axis of symmetry. 

50 [0008] The most recent known devices used for regulating the attitude of vehicle wheels are based on opto-electronic 
measuring and sensing instruments. 

[0009] These devices comprise angle measuring instruments which are generally applied to the vehicle wheels and 
mutually interact mechanically or optically, or are fixed to the ground to obtain the image of reference markers posi- 
tioned on the wheels. These reference markers can be either solid locators fixed to the wheels, or images projected 
55 onto the wheels. 

[001 0] The data obtained by said devices are fed to a processor which processes them using known geometrical for- 
mulas which give as their result the values of the characteristic angles of the frame attitude. 

[001 1 ] Known devices howe/er suffer from a series of problems which substantially limit both their use and their accu- 
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racy. 

[0012] A first important drawback is the time required for taking the measurements and making the relative adjust- 
ment. In this respect, in known devices, more than twenty operations are required for preparing the vehicle and taking 
a measurement, and it has been found that the preliminary operations involve on an average more than 70% of the time 
required for carrying out a normal measurement cycle. 

[001 3] A further drawback is determined by the systematic errors introduced by the compensation operation. 
[0014] The compensation operation reduces the measurement errors deriving from the geometrical deformation of 
the wheel rim and from the sensor-wheel coupling. 

[001 5] This is achieved by introducing into the measurement a correction factor calculated using data obtained during 
one turn of the vehicle wheel. 

[0016] However to achieve a wheel turn without involving considerable space the wheel has to be raised from the 
ground, so releasing the vehicle weight from the suspension-shock absorber unit. 

[0017] However this introduces errors due to the fact that during their working stroke the suspensions induce varia- 
tions in the characteristic angles of the vehicle, hence raising the wheel from the ground leads to the drawback of finding 
the wheels positioned in a different manner from that when in the running state, which is achieved only after the sus- 
pensions have settled. 

[0018] A further limit of current aligners is the maximum range of angular measurement of the transducers. In partic- 
ular, this limit is apparent in measurements on the steering geometry. 

[0019] Motor vehicle manufacturers have generally used a linkage scheme for the steering members known as a 
Meantaud triangle". This configuration ensures concentricity of the circumferences travelled by the wheel through large- 
radius bends, however for steering through a smaller radius of curvature the Jeantaud triangle creates a condition 
which progressively deviates from the ideal. 

[0020] It is therefore apparent how important it is to make accurate measurements on the steering geometry in order 
to guarantee the safety and road holding of the vehicle. 

[0021] For effecting these measurements, currently available opto-electronic aligners use rotating plates positioned 
below the steered wheels and provided with electronic devices. The steering angle is measured by graduated pointers 
or by electronic transducers which measure the plate rotation. 

[0022] These systems partly overcome the limited measurement range of transducers, but make indirect measure- 
ments which are subject to errors due to the roto-translational movement of the plate. In this respect, during steering, 
the wheel movement can be resolved into a translation component and a rotation component, this phenomenon being 
due to the steering axis not passing through the wheel centre. 

[0023] It is apparent that an indirect measurement, such as that made by known devices, is subject to errors due to 
the double nature of the phenomenon to be measured. 

[0024] The attitude can be measured and then regulated either by apparatus which take the measurements using 
devices connected to the wheel rim or by apparatus which do not use any device fixed to the wheel rim. 
[0025] Apparatus are known for measuring the characteristic attitude angles by mounting measuring devices on all 
the vehicle wheel rims. 

[0026] These devices are in the form of goniometers or angle transducers interacting with identical instruments fixed 
to the wheel rims of two adjacent wheels, in the transverse and longitudinal directions. 

[0027] This interaction between said instruments can he achieved either mechanically by means of wires or springs, 
or by electrical and/or optical de/ices. 

[0028] When the measurements have been taken, a processor processes the measured data by mathematical algo- 
rithms of known type. 

[0029] Devices are also known which use measuring systems in which no reference material is positioned on the 
wheel rim. 

[0030] U.S. patent 4,899,218 in the name of WALDEKER illustrates a measurement process based on projecting an 
oscillating structured light beam onto the wheel in such a manner as to produce at least two reference images on it. 
[0031] Said images are read by video cameras positioned at a certain angle to the optical plane defined by the plane 
of oscillation of said beam. 

[0032] The spatial position of the outlines and hence of the wheel is calculated by a computer using a known triangu- 
lation system. 

[0033] Having defined the spatial wheel position in this manner, a processor calculates the characteristic attitude 
angles relative to a suitable reference system. 

[0034] The devices utilized in the stated patent are very complicated to use, especially with regard to the procedure 
for calibrating the apparatus. 

[0035] Published patent application DE 2948573 in the name of SIEMENS describes an apparatus in which the meas- 
urement process is based on pairs of images of the wheel rim edge or of a circumference thereof, taken from different 
angles. 
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[0036] From these images, ellipses are obtained, from the parameters of which the spatial position of the wheel can 
be determined knowing the exact position and orientation of the video cameras. 

[0037] The publication gives no indication of how the system is able to distinguish the edge of the wheel rim, or a con- 
centric circumference positioned thereon, from the tyre which surrounds it, and also does not teach how to take account 
5 of the inevitable distortions of the ellipse image representing the wheel rim edge, which obviously negatively influence 
the accuracy of the measurement. 

[0038] In this respect, the image seen by the video camera is presented as a distorted ellipse in that the side closer 
to the video camera appears wider than the more distant side and consequently, in order not to commit measurement 
errors, account should also be taken of the distortions. 

io [0039] In conclusion, ail the known devices are affected by systematic measurement errors due to the inevitable inac- 
curacies caused by the operator in positioning the measuring devices on the wheel rims, or during the compensation 
operations which require the vehicle wheels to be raised and each wheel turned, or by errors from the said optical dis- 
tortions, or by irregularities in the shape of the type on which the images are produced, or of the wheel rim itself. 
[0040] The object of this patent is to eliminate the aforesaid drawbacks by providing a method and measuring device 

75 able to operate without the need to apply specific reference markers or sensors to the wheel, not even in the form of a 
projected image, and which enables the compensation operation to be carried out without raising the vehicle wheels 
from the ground, while substantially reducing the time involved in the preparation for and in the execution of the meas- 
urement of the characteristic attitude angles. 

[0041 ] The method by which the apparatus executes the measurement comprises obtaining and processing a certain 
20 number of pairs of images of each wheel while the still moving vehicle is being positioned on the measurement site, for 
the purpose of identifying the spatial position of the wheel rim. This is achieved by seeking within the images of the cir- 
cular structures, and identifying, those regions in which the transition between the image grey levels is a maximum, as 
will be clarified hereinafter. 

[0042] In this manner, points are determined pertaining to segments of the wheel rim edge, which are processed and 
25 associated with a Cartesian reference system, to accurately determine its spatial position by mathematical processes 
of known type to which reference will be made hereinafter. 

[0043] Having determined a certain number of points pertaining to the wheel rim edge, the invention calculates for 
each image the ellipse passing through these points. 

[0044] Alternatively, the ellipse is calculated as the interpolation of a discrete but large number of points lying on the 
30 image of the wheel. 

[0045] Having determined two ellipses for each wheel from images taken from two positions at different angles, the 
invention establishes a correspondence between the edge elements of the two ellipses. 

[0046] In this manner, the edge of the wheel rim and the plane containing it, and hence the wheel track and conver- 
gence of each individual wheel are unequivocally determined. 

35 [0047] It should be noted that the determination of the ellipses is not essential for the purpose of identifying the edge 
of the wheel rim and the plane containing it, but is done in that it enables the data to be more rapidly processed as it 
concentrates the search for the points representing the edge of the wheel rim into limited zones. 
[0048] The invention achieves this result by a method for measuring the vehicle attitude comprising two video cam- 
eras for each wheel having their lens facing the measurement site and connected stably thereto. The video cameras 

<o are connected by known means to a processor arranged to process the images of each wheel as seen by them, in order 
to determine the wobble of the wheel rim, ie the non-perpendicularity of the plane of the wheel rim to the axis of rotation 
thereof, and to calculate the characteristic attitude angles. 

[0049] For each wheel the two video cameras obtain several pairs of images with the wheel in movement, the inven- 
tion being able to determine the wobble of the wheel rim about the axis of rotation by known algorithms. 
45 [0050] By comparing data relating to the angular variation in the horizontal, vertical and rotational planes measured 
in at least two different steered positions, the invention also calculates the spatial position of the steering axis and is 
hence able to calculate all the characteristic angles of the vehicle attitude and to display them on the processor monitor 
to enable the operator to make the necessary adjustments. 

[0051] It is apparent that the invention can achieve the same result using only one video camera per wheel or only 
so one video camera in total with the consequent use of suitable optical paths, formed with the aid of fixed and/or movable 
mirrors and possible shutters, which enable all the wheels to be seen in succession from the point of observation. 
[0052] The particular characteristics of the device and of the method are specified in the claims. 
[0053] The invention will be more apparent in terms both of the method and the device from the description of a pre- 
ferred embodiment thereof given hereinafter by way of non-iimiting example with reference to the accompanying draw- 
55 ings. 



Figure 1 is a view of the invention from above while a moving vehicle is being positioned on the measurement site. 
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Figure 2 is a view of the invention from above with the vehicle already positioned. 



Figure 3 is a side view of the invention. 

Figure 4 shows the relationship between the various Cartesian reference systems used. 
Figure 5 shows an enlarged part of Figure 4. 

Figure 6 represents the coordinates in the plane of the image of a determined point on the wheel rim. 
Figure 7 represents an example of a neural network. 

Figure 8 represents the wheel rim edge calculated relative to the reference scheme positioned in each video cam- 
era, with the correspondence between points on the wheel rim edge positioned in the same physical "point". 

Figure 9 represents the wheel rim seen by the video camera and, to the side, the same transformed in the plane of 
projection. 

Figure 10 represents a spurious intersection. 

Figure 1 1 represents the determination of the plane of the wheel rim. 

[0054] Said figures show a measurement site 1 , comprising a usual vehicle lift 2 to which there are securely con- 
nected, by known means, four support devices 3, 4, 5, 6, identical in pairs, for the video cameras 7, which are connected 
to units 12 for processing the data obtained. 

[0055] The devices 3 and 4 are positioned facing each other on the outsides of the runways of the vehicle lift 2, in 
proximity to the front end thereof. 

[0056] The devices 5 and 6 are positioned facing each other on the outsides of the runways of the vehicle lift 2, in 
proximity to the rear end thereof. 

[0057] Each of said support devices 3 ( ...6, comprises a movable frame 8 which slides on two guides 9 positioned 
parallel to the axis of symmetry of the lift, and on which are mounted two identical video cameras 7. The movable frame 
8 is moved by a fixed geared motor 10 driving a worm 11, and a bush, not shown, connected to the movable frame 8. 
[0058] The devices 5 and 6 differ from the devices 3 and 4 only in terms of the length of the guides 9 and of the worm 
11. 

[0059] In addition, the devices 3 and 6 are provided with a linear position transducer, of known type not shown, which 
enables the vehicle wheelbase to be determined. 

[0060] This is done according to the invention, as shown in Figure 2, by using the relationship: 



where D is the distance between the initial positions of the two transducers, 6, is the distance measured by the position 
transducer of the support device 3. and d 2 is the distance measured by the position transducer of the support device 6 
(see Figure 1 and Figure 2). 

[0061] When the system detects that a new vehicle is entering the measurement site, the geared motor drives the 
movable frame 8 supporting the video camera 7 in such a manner as to maintain the wheel image always in the centre 
of the field of vision of the video cameras. This is achieved by forming a usual closed loop system in which the image 
obtained by the video camera 7 is fed to the data processing unit 12, which operates the geared motor by means of 
actuators of known type. The geared motor parameters controlled by the processing unit 12 are its velocity and direction 
of rotation. In this respect, both these parameters are essential to achieve total control of the relative distance of the 
position transducers of the support devices 3 and 6. 

[0062] For a better understanding of the invention, a brief description of the reference system will be given on the 
basis of the area of measurement of a single wheel, this being equal for all the wheels. 

[0063] The points T1 and T2 identify the origins of the perpendicular reference systems of each video camera relative 
to the absolute reference system having its origin at 0. as shown in Figure 4. 

[0064] A generic point P in space has coordinates Px. Py, Pz within the absolute reference system having its origin 
at 0. 

[0065] In addition, for each video camera there is defined an image plane perpendicular to the z axis of the reference 
system of origin Ti, i=1 ,2 and at unit distance from the origin Tl, i=1 ,2. 



Wheelbase = D+cf 7 -d 2 
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[0066] The points pertaining to the image planes have coordinates Ui=(Uxi, Uyi, 1); these points are determined by 
projective transformation, which associates with each point of three-dimensional space a point Ui given by the intersec- 
tion of the straight line joining T and Ti with the image plane, where i=1,2. 

[0067] The coordinates in pixels of a point on the active surface of the video camera are identified by the bidimen- 
sional vector I the components (lx t ly) of which are the column and row of the image as is apparent from Figure 6. 
[0068] The transformation between the Ui coordinates and the I coordinates in terms of pixels, of a point on the active 
surface of the video camera is achieved by the calibration operation. 

[0069] The purpose of the calibration is to obtain a function which enables the pixel coordinates (active surface of the 
sensor) to be converted into the Ui coordinates of the aforedefined image plane, for each apparatus formed by one 
video camera of the measuring system. 

[0070] To pass from a point I cf the image to a point U in the image plane, non-parametric modelling techniques also 
known as neural networks can be used. 

[0071] These represent a possible solution to the problem of determining an input/output function using a scheme of 
learning from available examples, by seeking the best function from a suitable class of functions in accordance with a 
predetermined criterion. 

[0072] Specifically, the multi-level perceptron is a neural network, shown schematically in Figure 7, consisting of units 
known as neurons arranged on different levels. The output reply to an input signal is obtained by forward propagation 
of the signal from the neurons of the first level to those of the last level. This propagation occurs on the basis of the con- 
nections (known as "weights") existing between neurons pertaining to different levels. 

[0073] The network is trained by determining its weights by an iterative method starting from an arbitrarily chosen 
point. 

[0074] An illustration will be given of the working of a multi-level perceptron from a mathematical viewpoint. In this 
context, referring for simplicity to networks with a single hidden layer, li indicates the inputs, hi and Hi indicate the input 
and output values of the hidden layer respectively, and ui and Ui indicate the input and output of the exit neurons. The 
network weights are indicated by wij and Wij for the two layers. The function which transforms an input vector I, the com- 
ponents of which are real numbers, into the corresponding output vector U is constructed as follows: firstly the inputs of 
the hidden neurons are evaluated, given by 



where wjO represents the threshold of the neuron. The output of each hidden neuron is a function only of the respective 
input; using a sigmoidal function the output becomes 



(a) 



hj = wjO + Zwjk.Ik 



1 



(b) 



Hj = 



(1+e- h i) 



[0075] Likewise for the output state the input values of the neurons are firstly calculated 



(c) 



ui = WiO + Ftfij.Hj 



and then the output values which, assuming the sigmoidal transfer function is again used, are given by 



1 



(d) 



Ui = 



(l+e- u i ) 
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[0076] The transfer function allowing passage from the input to the output of a neutron can be one of the following: 



1 



f(x) 



0+e-*) 



» -O. 5 



f(x) 



(He--) 



f(x) 



X 



[0077] The system is trained using an assembly of P known examples and minimizing the objective function relative 
to the weights. 

[0078] During each iteration the algorithm executes the forward propagation (from the entry layer to the exit layer) of 
the input patterns on the bases of equations (a), (b), (c), (d), evaluates the partial derivatives of the function respect to 
the network weights, and determines the direction of search for each individual unidimensional minimizing step. 
[0079] The operations carried out by the system during the usual measurement routines will now be described. 
[0080] When the vehicle enters the measurement site, as shown in Figure 1 , the system sensors automatically rec- 
ognize the commencement of the measurement cycle and activate the wheel recognition procedures. 
[0081] While the vehicle is being positioned, each video camera takes a series of photographs necessary for deter- 
mining the spatial position of the wheel rim. 

[0082] The photographs are analyzed by the processor to discriminate the wheel rim from the rest of the images. 
[0083] This is achieved by the invention by seeking, within the images, the circular "structures" by identifying those 
regions in which the transition between the grey levels of the image is a maximum, and connecting together the edge 
elements along the wheel rim. 

[0084] For this purpose the system uses a Gaussian filter to reduce the noise (disturbance) present in the images, 
followed by a zero-crossing filter which acts by recalculating the original pixels within a region of dimensions n x n cen- 
tered on the pixel itself. 

[0085] The new pixel is obtained by weighting the original values with a suitable matrix. 

[0086] For example, if n = 3 the new pixel is obtained by weighting the original values with the following matrix: 



[0037] The edges are identified by those zones of the thus obtained image where adjacent pixels change sign. These 
zones correspond to the point of maximum rapidity of transition in grey tone change, these points pertaining to the 
wheel rim edge, in addition to spurious elements, as will be seen hereinafter. 

[0088] Having identified the transition points within a perpendicular reference system with origin at T1 and 12 (see 
Figure 9) and having defined them within the image plane using the said mathematical methods combined with known 
optical flux techniques, the invention determines their spatial position with greater accuracy using known "spline" inter- 
polation functions. 

[0089] Continuous zones (assemblies of points) are also identified which in addition to the edge of the wheel rim also 
comprise spurious elements deriving from geometrical structures within it. such as bolts or holes, as shown in Figure 8. 
[0090] To simplify and accelerate the calculation procedure, the wheel rim edge is identified by the invention with ref- 
erence to a conic section module such as an ellipse. In this procedure the search for the points is concentrated within 
limited regions, hence accelerating the calculations. . 
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[0091] To better understand the method by which the invention determines the parameters of the ellipse passing 
through the identified transition points, the procedure wiil be described. 
J0092] The most general form of the Cartesian equation of a conic section is the following: 



[0093] Given five points lying in a plane along an ellipse, the equation of the ellipse passing through them can be 
uniquely determined. 

[0094] Substituting for x and y the coordinates of each of the five points, five equations are obtained involving the six 
io unknowns a. b, c, d, e. f. 

[0095] This homogeneous system has an infinity of solutions, ail proportional to each other. 

[0096] To uniquely identify one of the possible solutions, the parameters are normalized by putting a + b + c = 1 . 

The system is solved using standard linear equation solution methods. 

[0097] To determine the centre of the ellipse, the following linear system of two equations in x and y is solved: 



20 [0098] The coordinates of the centre are hence given by the solution (xq, y 0 ) of this system. 

[0099] it is apparent that by using this calculation procedure it is not necessary to see the entire wheel to determine 
the edge of the wheel rim, it being sufficient to see a portion thereof. 

[0100] Having determined the ellipses for the right and left image of the same wheel (see Figure 8) and selected the 
segments of the wheel rim edge, the invention establishes a correspondence between elements of the edge of the 

25 images which correspond to the same physical point. 

[0101] For example, in Figure 8, the edge element of the left image identified by U1 is made to correspond with the 
edge element of the right image identified by U2. Likewise the element LT1 is made to correspond with U'2. 
[0102] These correspondences are used in the intersection procedure between two beams. 
[0103] In determining the intersection between two beams, it is possible for a spurious intersection to be obtained 

30 (see Rgure 10). 

[0104] These intersections are discarded using the initially determined association between zones which correspond 
approximately to the same physical point. 

[0105] For each pair of beams corresponding to points approximately associated with the same physical point (see 
also Figure 10), their "intersection" is determined. 
35 [0106] In reality, given the finite accuracy of the sensors and machine arithmetic, an exact intersection is not sought, 
but instead the points along the two beams at minimum distance apart. 
[0107] The intersection is then defined as the intermediate position between these points. 
[0108] The mathematical calculation procedure is as follows. 

[0109] Let the two points be T 1 = (a v a 2 , a 3 ) , T 2 = (b,; b 2 , b 3 ). Note that a 3 = b 3 = 0 and a 1 = -b 1 . 
40 [0110] Let = (p v p 2 1) and U 2 = (q v q 2 , 1) be two points pertaining to the image plane which identify the 
direction of the straight lines joining T1 and U1 . 

[01 1 1 ] Given the two vectors x , (t) = Ti + 1 n U , and x 2 (t) = T 2 + 1 2 U 2 . where t indicates the modulus of the vectors 
starting from T1 and T2 with a direction defined by U1 and U2, we wish to calculate the minimum distance between 
them. The square of the distance is given by: 



5 



ax 2 + 2bxy + cy 2 +dx + ey + f = 0 
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ax + by + d = 0 



bx + cy + e = 0 
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d 2 = ;;(Ti + ti.uo - (t 2 + t 2 .u 2 ):: 2 

b 2 = (T,* + tiUi* - T2 l - t 2 U 2 t ).(T 1 + ti.Ui) - T 2 - t 2 .U 2 ) 
Putting /\J l = (Ti -Tz) 1 , we have: 

D 2 = (AT 1 + tiUi* - t2U 2 «).(AT + ti.Ui) - t 2 .U 2 ) = 

= (ATW + ATU1U1 - ATH2U2 + tiUi»AT + ti=UiU]i - 

tlUl*t2U2 - t 2 U2 t AT - t 2 UVtlUl + t 2 2 U 2 l U 2 ) = 

= ATW + ti(2ATHJi) + t 2 (-2AT t U 2 ) + tit2(-2Ui*U 2 + 

ti^uvui) + t2 2 (u 2 t u 2 ) 



[01 1 2] Differentiating with respect to t, and t 2 . we have: 

5D 2 /6ti = (2AT l Ui) + t 2 (-2U 1 t U 2 ) + ti(tMUi), and 



30 

5D 2 /5ti = (-2AT t U 2 ) + ti(-2lhMJ 2 ) + t 2 (U2 t U 2 ) 
thus putting equal to zero we obtain the following system of two linear equations in two unknowns: 

35 

AT l Ui - t 2 Ui t U 2 + tiUiMJi = 0 

-AT*U2 - tlUlHh + t2U2 l U2 = 0 

43 

to hence obtain the matrix system: 

ATHh! 
AT ^2! 



45 



UlHJl -1)1*112', 



,t1 



-Ui l u 2 u 2 t u 2 ; 



••2 1 



50 

[0113] This system always has a solution provided the two beams are not parallel, seeing that: 



Ui*Ui -IMU2! 

: = (:;ui!: 2 .:;u2!: 2 - ojimj 2 ) 2 ) 

mi* 0 *- 



and the following relationship is valid: 
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(UVU 2 ) 

cos(e) = 

• • it, > « 1 1 ii_ 1 1 

i i Ul , , . , , U2 , , 



where 0 is the angle between the two vectors U, and U 2 . 

[0114] On termination of this stage, an assembly of points in space is produced, given by the intersection of said 
beams. These points represent the real position in space of elements of the wheel rim 

[01 1 5] Having determined at least three points in the described manner, the parameters of the plane passing through 
these points can be determined (Figure 11). to unequivocally obtain the spatial information of the wheel plane and 
hence the corresponding angles. To increase the accuracy, more points can be used, and the wheel plane be deter- 
mined using known mathematical interpolation procedures. 

[01 1 6] Having obtained the spatial positions of all the wheel planes, the characteristic angles of the vehicle are cal- 
culated using known techniques. 

[01 1 7] The characteristic vehicle angles are calculated according to the invention by also taking account of possible 
.ncorrect posit.on.ng of the vehicle within the measurement site. In this respect, it can happen that the longitudinal axis 
of the vehicle is not parallel to the longitudinal axis of the measurement site, in which case the extent of the positioning 
error must be calculated together with a parameter for correcting the measurements. 

[0118] This is achieved by the invention once the spatial position of the wheels has been determined. Knowing this 
alter it is easy to determine the centre of rotation of the wheels and consequently the central point between wheels of 
he same axle. Having identified this point for both axles, the straight line passing through the two centre points ie the 
hne of symmetry of the vehicle, is uniquely determined, after which using known mathematical relationships the inclina- 
tion of this line to the axis of symmetry of the measurement site is calculated, and this is taken into account in calculat- 
ing the characteristic angles of the vehicle. 

[011 9] Wrong positioning of the vehicle within the measurement site can be also determined by using ultrasonic sen- 
sors of known type provided for measuring the vehicle body. For this purpose, on each side of the measurement site 
there are positioned at a known distance apart two ultrasonic sensors, the measurement zone of which faces the join 
between the vehicle side and the under-body, the distance between the sensor and the vehicle then being measured 
By comparing the measurements of the four transducers, the body (frame) position and hence the longitudinal axis of 
symmetry of the vehicle can be determined. 

[0120] Knowing the longitudinal axis of symmetry of the vehicle, its displacement from the longitudinal axis of sym- 
metry of the measurement site can be determined, this displacement being taken into account in the calculations used 
for determining the characteristic attitude angles. 

[0121] This second solution also has the advantage over the preceding, of aligning the vehicle wheels with the frame 
position, this not being possible with aligners of known type. 

Claims 

1 . A method for regulating the attitude of a motor vehicle by measuring the characteristic angles of the wheels com- 
prising the following operations: 

- obtaining at least one pair of images of each moving wheel while the vehicle is being positioned on the meas- 
uring site; 

- calculating for each image the ellipse resulting from the interpolation of a discrete number of points lying on the 

image; 

- establishing a correspondence between the points identified in each pair of images, to uniquely determine the 
edge of the wheel rim and its spatial position; 

- calculating the value of the characteristic attitude angles relative to the spatial position of the wheel rim. 

2. A method as claimed in claim 1 . characterised in that the wheel rim edge is identified within the pair of images. 

3 ' l" 1 ?^, 33 Claime ? in C ' aim 2 - cnaradefised in »«t «he wheel rim edge is identified by identifying the region in 
which the transition between the image grey levels is a maximum. 

4. A method as claimed in claim 1 . characterised in that the ellipse is calculated from five points lying on the image of 



the wheel rim edge. 
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5. 4 A method as claimed in claim 1 , characterised by obtaining at least two pairs of images of the moving wheel while 
the vehicle is being positioned within the measurement site. 

5 * 

6. A method as claimed in claim 5, characterised in that any defect in the perpendicularity of the wheel rim axis to its 
axis of rotation is calculated by comparing the two pairs of images of each moving wheel. 

7. A method as claimed in claim 1 , characterised by obtaining at least two pairs of images f the wheel stationary within 
ro the measurement site, these corresponding to at least two different steered positions. 

8. A method as claimed in claim 7, characterised by comparing the angular variation data obtained in said positions 
and calculating the spatial position of the steering axis. 

15 9. A method as claimed in the preceding claims, characterised by determining the centre of rotation of the wheels, the 
axes which join the centres of rotation of the front and rear wheels respectively, the straight line which passes 
through the central points of said axes, and the angular deviations of said straight line from the longitudinal axis of 
the measurement site, and finally the correction parameters for the calculated measurements. 

20 10. A method as claimed in the preceding claims, characterised by displaying all the calculated data on a monitor, to 
enable the operator to make the necessary adjustments. 

11 . A device for determining data relating to the attitude of the wheels of a motor vehicle, comprising a measurement 
site; a pair of video cameras located in front of the position in which each wheel is parked within the measurement 

25 site; and an electronic processor for the images obtained by the video cameras, characterised in that the video 
cameras have a field of vision such as to cover the final portion of the travel undergone by the wheels v/hile the 
vehicle is being positioned within the measurement site. 

1 2. A method as claimed in claim 1 1 , characterised in that each pair of video cameras is positioned on a slidable frame. 
30 the movements of which are generated by a motor associated with an encoder which is controlled by means for 

sensing the presence of the vehicle when in proximity to its final position within the measurement site. 
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